Abstract: The aim of this large population-based cohort study was to determine whether pyogenic liver abscess (PLA) is associated with the risk of acute kidney injury (AKI).
INTRODUCTION

P
yogenic liver abscess (PLA) is a global public health problem and a critical infectious disease with severe morbidity and mortality. 1, 2 The overall incidence rates of PLA in Canada, Denmark, and the United States range from 1.1 to 3.6 per 100,000 population, [2] [3] [4] and the incidence rate of PLA in Taiwan, 17.6 per 100,000 population, 5 is higher than that in Western countries. In addition, the epidemiology has changed dramatically in recent years, with the annual increases in incidence being 5.6% and 6.4% in the United States and Taiwan, respectively. The overall mortality rates of PLA remain high, ranging from 2.5% to 19%, [2] [3] [4] 6, 7 and the mortality rate in Taiwan is approximately 8.3%. 8 Recently, PLA has been associated with an increased risk of malignancy, 9-11 subsequent infections, [12] [13] [14] [15] acute pancreatitis, 16 and stroke. 17 However, the relationship between PLA and the risk of acute kidney injury (AKI) remains unclear.
AKI is a common clinical problem, imposing health care costs and increasing morbidity and mortality. [18] [19] [20] [21] According to epidemiologic reports, AKI develops in 3% to 5% of community residents per year, 22 and an estimated 36% of all patients with AKI are admitted to intensive care units. 23, 24 The incidence of AKI is rising according to observational studies. 18, 22, 25 The etiologies of AKI in critically ill patients are often complex and multifactorial. Among these patients, sepsis has consistently been determined to be the most common factor contributing to AKI. 18, 20, 26 Only few small studies have examined AKI in patients with PLA, 27, 28 focusing on clinical findings during short hospitalizations. The epidemiology and long-term outcome of subsequent AKI in patients with PLA remain unknown, and no large population-based study has evaluated the association between PLA and the risk of AKI.
Therefore, this large population-based cohort study investigated whether PLA is associated with a risk of AKI. We used the Taiwan National Health Insurance Research Database (NHIRD) for statistical analysis to compare the risk of AKI between patients with and those without a first hospitalization for PLA between 2000 and 2011. We hypothesized that PLA correlates with an increased risk of subsequent AKI.
MATERIALS AND METHODS
Data Source
The data for this nationwide population-based retrospective cohort study were retrieved from the NHIRD. The National Health Insurance (NHI) program was initiated by the Taiwan government in 1995 to provide comprehensive health care to all residents (http://nhird.nhri.org.tw/en/Background.html). The NHIRD has been released to researchers in an electronically encrypted form since 1999. The NHIRD contains medical information including records on outpatient visits, emergency department visits, hospital admission, drug prescriptions, sex, date of birth, and diagnoses coded in the format of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). For this cohort study, we used a subset of the NHIRD containing inpatients claims files and a registry of beneficiaries.
Ethics Statement
The NHIRD ensures the encryption of patient information and only provides researchers with nameless numbers associated with required data. As a result, informed consent form of the patients is not necessary in the current study. Moreover, this study has been approved by the Institutional Review Board of China Medical University (CMUH104-REC2-115) to exempt from requiring informed consent to access the NHIRD.
Study Patients
Patients aged 20 years or older who were diagnosed with PLA (ICD-9-CM code 572.0) during hospitalization for the first time between 2000 and 2011 were included in a PLA cohort. The initial date of discharge with a diagnosis of PLA was defined as the index date. Patients with a history of chronic kidney disease (CKD) (ICD-9-CM codes 580-589) or end-stage renal disease (ESRD) (ICD-9-CM code 585), those aged <20 years, and those with incomplete medical information, were excluded. NHI beneficiaries aged 20 years and older without PLA were randomly selected for inclusion in a comparison cohort and frequency matched with the patients in the PLA cohort at a 4:1 ratio according to age (in 5-year bands), sex, and year of the index date, and the same exclusion criteria were applied. The study cohorts comprised 31,815 PLA cases and 127,620 non-PLA controls. All patients were followed from the index date to the occurrence of AKI (ICD-9-CM code 584), withdrawal from the insurance program, or December 31, 2011.
Outcome Measurement
All study patients were followed up until they received their first diagnosis of PLA during hospitalization. The followup period began from the index date and ended on the date of AKI diagnosis, withdrawal from the NHI program, or the end of 2011. Cumulative incidence, overall incidence, and the effects of PLA on the risk of AKI will be analyzed.
Comorbidities
We considered comorbidities as confounding factors. The baseline comorbidities were diabetes (ICD-9-CM code 250), hypertension (ICD-9-CM codes 401-405), hyperlipidemia (ICD-9-CM code 272), chronic obstructive pulmonary disease (COPD) (ICD-9-CM codes 491, 492, and 496), congestive heart failure (CHF) (ICD-9-CM code 428), coronary artery disease (CAD) (ICD-9-CM codes 410-414), stroke (ICD-9-CM codes 30-438), alcoholism (ICD-9-CM codes 291, 303, 305.00, 305.01, 305.02, 305.03, 790.3, and V11.3), biliary stone (ICD-9-CM code 574), hepatobiliary malignancy (ICD-9-CM codes 155-156), and cirrhosis (ICD-9-CM code 571).
Statistical Analysis
Differences in demographic characteristics, namely age group, sex, and comorbidities, between patients with and those without PLA were examined using the x 2 test, and differences in the mean age and mean follow-up period were computed using the Student t test. We used the Kaplan-Meier method to plot AKI cumulative incidence curves for the PLA and non-PLA cohorts. The overall and age-, sex-, comorbidity-, and follow-up time-specific incidence densities of AKI (per 1000 personyears) were estimated. Univariate and multivariate Cox proportional hazard regression models were used for estimating hazard ratios (HRs) and 95% confidence intervals (CIs) to assess the effects of PLA on the risk of AKI and mortality from AKI between patients with and without PLA. The multivariate models were simultaneously adjusted for age, sex, and comorbidities, namely hypertension, hyperlipidemia, COPD, CHF, stroke, alcoholism, biliary stone, hepatobiliary malignancy, and cirrhosis. SAS 9.2 software (SAS Institute, Cary, NC) was used for data management and statistical analysis. A 2-sided P value <0.05 indicated statistical significance.
RESULTS
Baseline Characteristics of the Study Population
We identified 31,815 PLA patients and 127,260-matched non-PLA controls with similar age and sex distributions ( Table 1 ). The mean (AE standard deviation) ages of the PLA and non-PLA cohorts were 60.3 (AE 14.8) and 60.0 (AE 15.0) years, respectively, with 40.0% of the patients being aged !65 years. Men were outnumbered by women (62.5% vs 37.5%). The mean follow-up periods were 4.36 AE 3.40 years for the PLA cohort and 4.94 AE 3.31 years for the non-PLA cohort. The principal diseases in non-PLA patients included diabetes (39.5%), hypertension (25.1%), CAD (10.0%), stroke (9.95%), hyperlipidemia (7.71%), cirrhosis (6.73%), whereas the principal diseases in PLA patients included diabetes (39.5%), hypertension (29.9%), biliary stone (22.9%), cirrhosis (16.9%), and CAD (9.84%). The proportions of all comorbidities except diabetes and CAD were higher in the patients with PLA than in those in the non-PLA cohort (all P < 0.001).
Incidence and Risk of AKI in the PLA Cohorts
The cumulative incidence of AKI in the PLA cohort was higher than that in the non-PLA cohort by 4.10% (both log-rank, P < 0.001) at the end of follow-up (during hospitalization between 2000 and 2011), as shown in Figure 1 . Overall, the incidence rates of AKI in the PLA and non-PLA cohorts were 9.25 and 6.11 per 1000 person-years, respectively (Table 2) . After adjustment for age, sex, and comorbidities, the overall risk of AKI in patients with PLA was higher than that in the non-PLA cohort (adjusted HR [aHR] ¼ 1.36, 95% CI ¼ 1.27-1.46). The incidence of AKI increased with age. Compared with patients aged 49 years, the risk of AKI development was 1.65-fold higher in those aged 50 to 64 years (95% CIs ¼ 1.49-1.83) and 3.90-fold higher in those aged 65 years and older (95% CIs ¼ 3.55-4.30). In addition, patients with diabetes, hypertension, COPD, CHF, stroke, alcoholism, hepatobiliary malignancy, and cirrhosis had a higher risk of AKI than that of patients without comorbidities.
The overall incidence and risk of AKI were compared between the PLA and non-PLA cohorts stratified using multivariate Cox model according to several variables, namely age, sex, comorbidity status, and follow-up period (Table 3) . We found that patients with PLA have higher risk of AKI compared with those without PLA. The risk decreased over time, but persisted throughout the follow-up period. The risk of AKI in all patients with PLA, except those with a follow-up period >5 years, was higher than that of the non-PLA cohort. The risk was the highest during the first year of follow-up (aHR ¼ 2.32, 95% CIs ¼ 2.04-2.65). Moreover, among patients without comorbidities, the risk of AKI remained higher in the PLA cohort compared with the non-PLA cohort (aHR ¼ 1.91, 95% CIs ¼ 1.59-2.29). As for the mortality, AKI patients with PLA were not significantly higher mortality risk compared with those without PLA (aHR ¼ 1.07, 95% CIs ¼ 0.98-1.18) (Supplemental Table 1 , http://links.lww.com/MD/A653).
DISCUSSION
The results of this nationwide population-based retrospective cohort study suggest that hospitalized patients diagnosed with PLA have a higher risk of AKI than those without PLA. The overall incidence of AKI was 1.51-fold greater in the PLA cohort than in the non-PLA cohort (Table 2) . Moreover, among patients without comorbidities, the risk of AKI remained higher in the PLA cohort compared with the non-PLA cohort (aHR ¼ 1.91, 95% CIs ¼ 1.59-2.29). In particular, the incidence of AKI increased with age, and the risk of AKI in the patients with PLA was the highest during the first year of follow-up (Table 3 ) and remained substantially higher than that of the patients without PLA during a mean follow-up period of 4 years. These results indicate that PLA is associated with an increased risk of AKI in hospitalized patients.
The mechanism of AKI development in patients with PLA remains unclear. PLA can cause severe infection or sepsis, an established risk factor for the development of AKI. The incidence of AKI increased significantly from sepsis (24%), severe sepsis (39%), to septic shock (89%), 29 suggesting that hemodynamic shock with a reduction of renal blood flow is the major risk factor for AKI during hospitalization. Therefore, hemodynamic alterations that result in ischemia reperfusion injury are considered a major cause of AKI in patients with PLA. Moreover, sepsis-induced AKI can also occur in the context of normal or even increased renal blood flow. 30, 31 Meanwhile, recent studies have determined that the pathogenesis of sepsisinduced AKI can involve inflammation, the immune response, intraglomerular hemodynamics, and perturbation of microvascular flow at both peritubular and glomerular levels in the absence of hypoperfusion and ischemia. 32, 33 These studies have demonstrated that sepsis may affect kidney cells by the generation of inflammatory mediators, such as cytokines. Finally, 73% to 87.9% of all PLA patients were infected by Klebsiella pneumonia alone in Taiwan, 12, 34 and PLA patients infected with K. pneumoniae were more prone to experiencing extrahepatic complications and metastasis than those with other types of PLA. 12, 35 PLA-associated extrahepatic metastasis could exacerbate kidney injury caused by sepsis.
In this cohort study, the incidence of AKI in the PLA cohort was approximately 1.51-fold greater than that in the non-PLA cohort (9.25 vs 6.11 events per 1000 person-years; 95% CIs ¼ 1.42-1.61). Although several large studies have reported incidence rates of AKI ranging from 11% to 51% in patients with sepsis, 20, 29, 36, 37 only few small population studies have reported AKI incidence rates of 32.6% (15/46) and 33.9% (137/ 404) in patients with PLA. 27, 28 Yun et al 28 reported that patients in a PLA group with underlying CKD had a high incidence of ÃÃÃ P < 0.001. # Rate: incidence rate, per 1000 person-years.Crude HR: relative hazard ratio. & Adjusted HR: multivariable analysis including age, sex, and comorbidities of diabetes, hypertension, hyperlipidemia, COPD, CHF, stroke, alcoholism, biliary stone, hepatobiliary malignancy, and cirrhosis.
AKI (11/20) and a significantly higher progression rate during the average admission period of 20.7 days (AE12.8). Moreover, Sriramnaveen et al 27 reported that 26.6% of patients with PLA received hemodialysis. However, our study excluded patients with history of CKD or ESRD; therefore, the overall incidence of AKI was lower. Nevertheless, the increased risk of AKI persisted for 4 years, enabling clinicians to notice the risk of AKI after diagnosing PLA.
AKI is consistently associated with several comorbidities of PLA. The HR increased to 3.81 in patients with hepatobiliary malignancy, 2.19 in patients with diabetes, 2.15 in patients with alcoholism, 1.81 in patients with CHF, 1.49 in patients with cirrhosis, 1.38 in patients with stroke, 1.31 in patients with hypertension, and 1.29 in patients with COPD, implying that these comorbidities increase the risk of AKI in patients with PLA (Table 2 ). Hepatobiliary malignancy, diabetes, and alcoholism are the comorbidities most strongly associated with AKI development. Clinicians should treat these comorbidities to potentially reduce the risk and severity of AKI. To further clarify the association between PLA with/without comorbidities and the risk of AKI, we used multivariate model stratified by age, sex, and comorbidities (Table 3) . Among patients without comorbidities, we found an approximately 1.91-fold AKI risk was observed in PLA patients compared with patients without PLA. These results illustrate that PLA is uniquely associated with an increased risk of AKI in hospitalized patients independent of these comorbidities.
The NHI is a mandatory health insurance in Taiwan, and all Taiwan residents have access to medical care with characteristics of low co-payments. Therefore, the NHIRD is a reliable and effective database to provide population-based studies with sex-and age-matched groups. Patients who were coded with AKI and PLA by ICD-9 codes should meet the standard clinical diagnostic criteria consisting of typical clinical symptoms and signs, laboratory data, and radiologic findings. The codings were made by the medical specialists for insurance claims, which were managed by the Bureau of NHI for medical reimbursement purposes. Moreover, several published studies in high-quality journals have proved the accuracy of the diagnosis codes used in this study. 10, 38, 39 Therefore, the diagnoses of AKI and PLA are reliable.
Several limitations remain in this study. First, we cannot obtain detailed clinical information regarding clinical presentation or causal pathogens that can enable exploring whether pathogens influence the risk of AKI from the NHIRD. Meanwhile, the NHIRD does not provide laboratory data, such as blood urea nitrogen, creatinine level, and radiologic findings for single or multiple PLA. Second, we have excluded PLA patients with a history of CKD or ESRD in the present study; therefore, the incidence rate of AKI was provided only for patients without any history of CKD or ESRD. Third, clinical information regarding disease course and treatment strategies of AKI, and antibiotics treatment between PLA and non-PLA groups was not obtained. Some kinds of antibiotics may be nephrotoxic and could cause AKI when circulating blood volume is insufficient, which could be a potential confounding factor in this study. Finally, a key limitation of this study was the potential bias resulting from possible unknown confounders in a retrospective observation study although we have made the conscientious study design.
In conclusion, an advantage of this study was the use of a longitudinal nationwide population-based cohort analysis of the risk of AKI among Asian patients with PLA. We demonstrated for the first time that PLA is associated with an increased risk of 
